Mother-young relationships, up to the third month of the calves' life, were investigated in European bison Bison bonasus (Linnaeus, 1758) from Bia³owie¿a National Park breeding centres (Poland). During the first week, calves spent most of their time close to their mothers and were rarely seen in the vicinity of other group members. Highest suckling rate, most frequent vocal contact and agonistic behaviour of mothers towards intruders, were other characteristics of this period. Although being a forest species, European bison exhibit a following type of strategy for offspring protection, typical for ungulates living in open areas; no hiding phase was observed. Suckling rates were similar in calves of both sexes, however, the pattern of nursing was different: male calves suckled longer, but in rarer bouts than female calves. The mothers' condition, reflected by their social rank, did not influence the suckling rate. No sex differences were recorded in other maternal activities or mother-calf distance. The presumption of a lack of sex-biased maternal investment in European bison is confirmed by the results of other research.
Introduction
In mammals, the survival and development of offspring depend to a great degree on the quality of mother-young relationships. Ungulates are precocial species in which neonates are well developed and able to move independently soon after birth (Lent 1974) ; this demands an especially efficient strategy for offspring protection. In this group of mammals, two major categories of mother-infant relationships or tactics of predator avoidance (Fisher et. al. 2002) are recognized, namely hiding and following. The main behavioural difference is the degree of association between mother and young during the first days of life (Ralls et al. 1986) . In all ungulates parturition is followed by a post-partum phase, lasting 1-20 hours, when intensive interaction between the mother and neonate takes place (Lent 1974) . After that, a considerable divergence occurs. In hider type species, which live primarily in forested areas, infants remain concealed in vegetation cover, isolated from both predators and conspecifics. The distance from the mother ranges from 30 m to 1 km, depending on the species (Lent 1974) . During the hiding stage contact between mother and offspring is limited to short periods of nursing and care. Hiding functions as a strategy to avoid predation (Lent 1974 , Fisher et. al. 2002 . In contrast, in followers, a type associated mainly with open habitats, young stay close to their mothers from birth and frequent contact between them is a rule. Protection against predation is achieved by maternal defence (Lent 1974) .
There has been a considerable discussion on which sex of offspring is more costly to raise (eg Trivers and Willard 1973 , Clark 1978 , Caley and Nudds 1987 , Byers and Moodie 1990 , Kojola 1998 , Hewison and Gaillard 1999 . In species with polygynous mating systems a bias in maternal investment towards sons was predicted, as in males variance in reproductive success is higher and depends on their competitive ability (Trivers and Willard 1973) . Some data on ungulate species confirmed this hypothesis, but others did not (eg Caley and Nudds 1987 , Byers and Moodie 1990 , Cassinello 1996 , reviews in Kojola 1998 and Hewison and Gaillard 1999 . According to Byers and Moodie (1990) , extra investment in male offspring may be limited in ungulates as mothers already have to support high growth rates.
The European bison Bison bonasus (Linnaeus, 1758) is a forest dweller with a polygynous mating system. Data on mother-calf interactions collected in free--ranging herds are only fragmentary (Wróblewski 1927; Caboñ-Raczyñska et al. 1987 ) but it appears that the young are not hidden. Precociousness at birth is a basic adaptation in the follower system (Estes and Estes 1979) . European bison exhibit this characteristic (Daleszczyk and Krasiñski 2001 (eg Green 1992b) . No information on maternal investment in European bison has been found in literature. Data on sex differences in maternal investment in American bison are equivocal (Rutberg 1986, Green and Rothstein 1991) . It seems impossible to conduct a detailed study on maternal care in free-living European bison because of the closed habitat, as well as the aggressiveness and wariness of cows with young calves. Nevertheless, patterns of mother-offspring relationships are known to be retained in captivity (Ralls et al. 1986 ). In my study, carried out on captive European bison from Bia³owie¿a National Park, I addressed two main subjects: (1) classifying the type of mother-calf relationships performed by European bison; and (2) determining whether mothers show sex-biased maternal investment in this species.
Material and methods

Animals studied
Research was conducted at European bison captive breeding and show centres in Bia³owie¿a National Park, Poland, from July 1998 to October 2000. Eleven mother-calf pairs were observed from birth to the 14th week of calf's life. The sample included 7 female calves and 4 male calves. Groups containing observed pairs consisted of 1 bull, 3-11 cows and 1-6 calves.
In the show centre the section for European bison comprises 6.14 ha and is divided into 4 adjacent enclosures, partly covered with trees. During visiting hours the bison group stays in one enclosure, outside visiting hours the animals have access to 2-3 enclosures. In the breeding centres the size of enclosures range from 3.64 to 30.60 ha. The area is mostly covered with mixed coniferous forest, with glades serving as pastures. During the vegetation growing season bison feed on natural vegetation, supplemented by crushed grain according to individual demands. In winter, bison are fed on hay, beetroot and crushed grain.
Data collection
Observations were conducted from dawn to dusk and during long summer days alternately from dawn to midday and from midday to dusk constituting a whole observation day out of two successive days. All observations took place from the outside of the enclosures by using 8 x 30 binoculars when necessary. Subjects were observed every day in the first week of the calf's life and one day a week during the rest of research period. Instantaneous scan samples were conducted at 5-minute intervals to note the type of activity performed by observed individuals and the distance between the calf and other bison in a group (see below). Data on maternal behaviour (nursing, licking, vocalization, aggression towards intruders) were collected using focal animal sampling (Altmann 1974) . Up to four pairs were observed simultaneously. Total observation time of one pair averaged 196 h. For comparison purposes, additional data on the activity pattern of two barren cows was collected (instantaneous scan sampling as above, 372 h of observations per cow).
Distance between observed animals was estimated by a comparison with the body length of an adult bison. Three distance categories were adopted with regard to mother-calf proximity: 0-3 m, 4-10 m, > 10 m. To examine spatial relations between calves and bison other than their mothers, only the frequency of the first category was recorded. A distance of up to 3 m was chosen based on earlier observations of captive European bison. Subordinate-dominant interactions took place when the animals involved were about 1-2 m from each other. On the other hand, resting bison were most often noted within 3 m from the nearest group member and neighbours were not chosen at random but distinct preferences/avoidances were revealed (K. Daleszczyk, unpubl.) . A distance of about 3 m was assumed to be an important boundary in the social interactions of European bison, with a second boundary of 10 m chosen arbitrarily.
According to Walther (1979) , hider and follower species may be easily discriminated by the distance between mother and calf when lying. The number of minutes mother and infant were lying within one mother-length divided by the total minutes both pair members were lying (data from the first week) gave Walther's measure (Ralls et al. 1986) .
To describe activity pattern and activity synchrony, the following terms were used: (1) Resting: includes lying and standing without foraging. (2) Maternal care: includes nursing and licking calf outside nursing. (3) Activity of observed animals was considered to be synchronized when both individuals (a) rested, (b) foraged, or (c) walked without foraging.
With regard to nursing, the following measures were recorded: duration of nursing bouts, time intervals between successive nursing bouts, licking/sniffing calves by their mothers during nursing, and whether mother or calf initiated and terminated the first sucking period within a given nursing bout. One nursing bout included all periods of sucking activity of a calf not interrupted by more than 15 successive minutes (Clutton-Brock et al. 1982) . The total suckling time recorded in a given period divided by the total observation time formed the suckling rate. The mother was assumed to initiate nursing when it was directly preceded by her vocalizing, approaching, or nosing her calf. Mother terminated nursing when she walked away or lay down before her calf stopped sucking. The calf was assumed to initiate nursing when it approached its mother and started to suck or when it made the lying mother stand up and begin suckling. It was not always possible to determine univocally which individual initiated or terminated the nursing bout. Because of that and the frequency of nursing bouts decreasing with calves' age, analyses of these parameters were based on months of life and included eight pairs, for which data was collected for at least seven nursing bouts in each period. Social hierarchy among cows was determined based on aggressive interactions (Lott 1974 ) during earlier observations.
Data analysis
Wherever possible, repeated-measure ANOVA (RMANOVA) was used to analyse conformity of parameter changes within each mother-calf pair, and if not stated otherwise, results of RMANOVA are given in the text. The weeks of a calf's life were grouped as follows: 1, 2-3, 4-5, 6-7, 8-9, 10-11, 12-14 , and the mean for each pair in each period were repeated measures. Two pairs were omitted from these analyses because data were not available in all periods. One-way ANOVA was performed to investigate sex differences in duration and frequency of nursing. ÷ 2 -test was used for comparison of frequencies.
Prior to parametric analyses, data were tested for normality and transformed appropriately if necessary. Two-tailed statistical tests were used throughout. All analyses were performed using STATISTICA software (StatSoft 1984 (StatSoft -2003 .
Results
Mothers of male and female calves did not differ with regard to their age (10.5 and 8.1 years, respectively, Mann-Whitney U-test: U = 9.50, n 1 = 4, n 2 = 7, p = 0.40), so this parameter could not have been responsible for any sex bias in maternal behaviour.
Distance between calf and other bison
During week 1, calves spent 68% of observation time within 3 m from their mothers, considerably more than in other weeks (F 6,48 = 16.35, p < 0.0001), and were seldom recorded further than 10 m from them (Fig. 1) . The older the calves were, the more time they spent further from their mothers. No difference in the 558 K. Daleszczyk   Fig. 1 . Mean percentage of scan samples in which mothers and calves were at various distances from each other, in relation to calves' age. Sample size (n) is given above each column.
mother-calf distance was found between mother-daughter and mother-son pairs (F 1,7 = 0.86, p = 0.38). Walther's measure for week 1 averaged 75%.
In spatial relations of calves with other group members, week 1 also differed significantly. Calves were recorded within 3 m from their peers for 12% of time then in comparison to an average of 54% in weeks 2-14 (F 6,36 = 19.76, p < 0.0001), and for 6% and 25% of time, respectively, from adult bison other than the calves' own mothers (F 6,36 = 3.60, p = 0.007).
Maternal care
Suckling rate decreased with calves' age, with the value in week 1 being significantly greater than in the following weeks (F 6,48 = 6.29, p < 0.0001, Fig. 2 ). There was no difference in average suckling rate during the first 3 months between mothers ranked first or second in the social hierarchy (n = 5) and mothers of a lower social status (n = 6) (Mann-Whitney U-test: U = 13.00, p = 0.72), or between mothers with first-second calf (n = 4) and multiparous cows (n = 7) (U = 8.00, p = 0.26). Frequency of nursing was the highest in weeks 1-3 (ANOVA: F 13,876 = 12.94, p < 0.0001). During the study period males suckled longer but in rarer bouts than females (mean length of nursing bouts: 7 and 5.5 min respectively, ANOVA: F 1,938 = 39.57, p < 0.0001; mean length of intervals between bouts: 116 and 98 min respectively, ANOVA: F 1,888 = 15.29, p < 0.0001). However, the sex of calves did not influence the suckling rate (F 1,7 = 1.13, p = 0.32).
During the entire study period, mothers initiated less than a half of the nursing bouts and terminated most of them (Fig. 3) Aggressive behaviour included threats like shaking horns, charges and infrequent fights, and was directed towards people, other group members, and even birds and butterflies. During the first 3 months vocalization between pair members was limited to mothers' grunting. Calves vocalized extremely rarely. Licking/sniffing the calf during nursing, aggression and grunting of mothers were most often observed in week 1 and the frequency of records dramatically dropped with calf age (Spearman correlation: licking/sniffing: r s = -0.54, n = 136, p < 0.0001; aggression: r s = -0.43, n = 135, p < 0.0001; grunting: r s = -0.50, n = 117, p < 0.0001; Fig. 3,  Fig. 4) . Comparison of mothers with daughters and mothers with sons in week 1 gave no differences (ANOVA: licking/sniffing: F 1,9 = 0.60, p = 0.46; aggression: F 1,9 = 0.05, p = 0.83; grunting: F 1,9 = 2.91, p = 0.12).
Mother's activity
Compared with control barren cows, the time mothers spent on resting began to decrease no sooner than weeks 8-9 (6-7 weeks: ÷ 2 1 = 2.65, p < 0.1; 8-9 weeks: ÷ 2 1 = 20.64, p < 0.0001; Fig. 5A ), so at least until then maternal care was performed at 560 K. Daleszczyk   Fig. 3 . Mean percentage of nursing bouts initiated and terminated by mothers, and mean percentage of nursing bouts during which mothers licked/sniffed their calves, in relation to calves' age. Vertical bars represent SE. Sample sizes were as follows: for initiating: 11, 9, 10, 9, 11, 11, 10; for terminating and licking/sniffing: 11, 10, 11, 11, 11, 11, 10. , 10, 9, 11, 9, 8, 8, 7, 4, 5, 8, 8, 8, 10; for aggression: 11, 10, 9, 11, 10, 10, 11, 11, 6, 7, 11, 9, 9, 10. the cost of foraging. In week 1 time dedicated to maternal care reached a significantly higher value than in the following weeks (F 6,48 = 9.25, p < 0.0001; Fig. 5A ), while foraging was especially limited (F 6,48 = 4.49, p = 0.001). Comparison throughout the study period between mothers with daughters and mothers with sons showed no difference with regard to maternal care (F 1,7 = 1.23, p = 0.30), but mothers of female calves foraged more than mothers of male calves (F 1,7 = 5.82, p = 0.047). Synchrony of mothers' activity with activities of other cows in a group was considerably lower in week 1 than in those following (÷ 2 3 = 102.46, p < 0.0001; Fig.5B ).
Discussion
Mother-young relationships
The general difference between the two strategies of offspring protection (hiding and following) is mother-infant distance and the frequency of mutual contacts during the first days after birth (Lent 1974) . In European bison, week 1 was distinctly different from the following ones with regard to both spatial relations of calves with other group members and the intensity of their contacts with mothers. Calves spent then most time close to their mothers and other bison were seldom recorded in their vicinity. Keeping a young calf away from other group members helps it to learn its mother's scent, voice, and sight without being disturbed by other individuals (Egerton 1962) . Such a situation may be achieved either by isolation of the mother-infant pair from the herd during and after parturition (Geist 1971 , Lent 1974 , Carl and Robbins 1988 or by maintaining a short distance between pair members and the aggressive behaviour of mother towards intruders, as recorded in the presented study (see also Egerton 1962) . Extremely close distance between mother and calf in the first days of its life precludes any hiding phase in European bison. Similar changes in mother-calf distance and the considerable difference between weeks 1 and 2 were also found in American bison (Green 1992b ).
Walther's measure (an index of mother-calf proximity) for follower species ranged from 65-100% (Ralls et al. 1986 ). The index value for European bison falls within the same range and is almost identical with the result for American bison (72%, Ralls et al. 1986 ). In hiders concealed infants are singly dispersed while in followers infants form peer groups early in their lives (McHugh 1958 , Geist 1971 , Estes and Estes 1979 . The latter tendency was found in European bison after week 1.
Mothers initiated nursing bouts most frequently in the earliest period and the intervals between nursing bouts were shortest then. Frequent nursing meant frequent contact between mother and her offspring, typical of the follower strategy. From the beginning, calves initiated over half of the nursing bouts. In general, follower young are more likely to do this than hiders (Lent 1974) .
Vocalization of mothers and their aggressive behaviour towards intruders were most pronounced in the earliest period in the calves' life. The behaviours did not seem to be a result of captive conditions as frequent grunting of cows with calves was also noted in free-living bison (Caboñ-Raczyñska et al. 1987) and agonistic behaviour recorded in this study was more frequent in the cows from the closed breeding centres, where potential stress caused by captivity should be lower due to large forested enclosures and limited human presence. Very young ungulates are most vulnerable to predators and need the greatest protection. In European bison mothers of very young calves appear to be most aggressive so it seems that their anti-predator tactic is defence rather than hiding offspring. Older infants become fast, agile, and develop enough stamina to considerably increase their chances of escaping predator so they can rely more on other anti-predator tactics than mother defence (Geist 1971 , Estes and Estes 1979 , Green 1992a .
Predator avoidance was recognized as a main factor influencing the evolution of two alternative types of mother-infant relationships and the hypothesis about the association of following with open habitat was strongly supported in ungulates and macropods (Fisher et al. 2002) . Large-bodied ungulate species were more likely to be followers, but the body size of the mother was not related to the type of maternal care when phylogenetic relationships were taken into account (Fisher et al. 2002) . Gregarious ungulates were more likely to have evolved following behaviour although hider species included the same range of group sizes as follower species studied. In both ungulates and macropods, maternal care strategies were related to habitat structure independent of body size of mother or group size and according to the phylogenetic analysis in some clades of followers hiding has evolved in ungulate species that presently inhabit forest habitats (Fisher et al. 2002) . Mother-infant interactions in European bison and American bison exhibit considerable similarities. Presumably the following type of mother-calf relationships evolved in the common ancestor of both species living in steppe and although a closer ancestor of European bison was already a forest form (Pucek 1986) , following was retained in this species in spite of its closed habitat.
Maternal investment
Maternal investment in mammals was assessed using various measures, among them different estimates of milk intake, weight of offspring at birth or at weaning, and subsequent fecundity of mother (Byers and Moodie 1990) . In ungulate females the greater part of reproduction costs is connected with lactation (Oftedal 1985) , and nursing behaviour was reported to be a reliable indicator of milk intake in some species (Wettemann et al. 1978, Lavigueur and Barrette 1992) . According to this, the highest maternal investment in European bison took place in week 1, as the level of suckling rates suggest. Although in male and female calves duration and frequency formed various nursing patterns, suckling rates did not differ between them. So if there were no sex differences in suckling efficiency, both longer but less frequent, and shorter but more frequent nursing bouts probably resulted in similar milk consumption. Although nursing efficiency may change with offspring age, as found in mule deer Odocoileus hemionus and mountain goats Oreamnos americanus, no sex differences were recorded in these species (Carl and Robbins 1988) .
According to Trivers and Willard's (1973) hypothesis, in polygynous species, females in above average condition should invest more in sons than in daughters, as the future condition of sons' influences their reproductive success to a much higher degree than daughters. The rank within the social hierarchy may be used as an indirect estimate of mothers' condition (Clutton-Brock et al. 1984, Green and Rothstein 1991) . In European bison the social status of a mother did not affect suckling rate. Presumably the higher social rank in bison cows is not coupled with important advantages like access to better forage as the food resources for grazers are distributed extensively rather than in patches, and so are difficult to be controlled by one or a few individuals. In American bison cows, the fitness benefits of a high social status were not identified (Rutberg 1983) , and studies on this species did not support the Trivers-Willard hypothesis (Shaw and Carter 1989, Green and Rothstein 1991) .
Time dedicated to maternal care was the same in European bison mothers with daughters or sons. Licking/sniffing to identify young during suckling allowed the dam to prevent suckling by the offspring of other cows. This is especially important during the neonatal period when milk is the only source of food for calves. No difference between male and female calves was recorded in this parameter or in the frequency of initiating and terminating nursing by mothers.
Proximity of calf and mother, together with the dam's aggressive behaviour towards intruders created a 'safe zone' for her calf during the time when calves were most vulnerable to injury by other bison. Vocal contact may be involved in maintaining this 'safe zone'. Vocalization served to initiate nursing, decrease mother-calf distance, and was frequently recorded in cows looking for a calf that vanished from their vision. Offspring protection is also a kind of maternal investment and may be costly. No sex bias was found in mother-calf distance, vocal contact, or mother's aggression.
According to Lavigueur and Barrette (1992) , sex differences in investment ought to be revealed in suckling performance or the growth of calves. Birth weight of European bison male and female calves does not differ (Krasiñska and Krasiñski 2002) which precludes biased prenatal investment of mothers. Moreover, there are no weight differences between males and females up to at least two years of age (Krasiñska and Krasiñski 2002) while typical weaning age is about one year (Caboñ-Raczyñska et al. 1987) . The results of the presented study, together with other research, lead to the conclusion that sex-biased maternal investment does not exist in the European bison.
